Sustainable management aims at the governance of natural resources to meet the needs of future generations. The limited resources of freshwater in arid regions have led to the development of alternative water management strategies. To meet the future challenges of water scarcity, an attempt has been made in this study to utilize treated greywater obtained by gravitygoverned filtration technique and disinfection for domestic usage. The study addresses the possibilities of groundwater recharge with the treated greywater. The method focuses on a gravity-governed flow through a column containing activated carbon, sand and gravel. The greywater used for the treatment contains a mixture of equal proportions of water collected from three different sources such as kitchen sink, shower and washing machine in Fahaheel, Salmiya and Farwaniya areas of Kuwait. The study concluded that for a volume of 1167 cm 3 filtration media used, the designed column was 34% effective for first 1100 mL of greywater. Later, the column was regenerated by washing with distilled water and the regenerated column still proved to be effective with a removal efficiency of 26% for next 600 mL of greywater. The quality of the treated greywater was assessed in terms of physical, chemical and microbiological parameters as per the standard methods to check the suitability for domestic purposes. The results obtained were also compared with the groundwater quality of Kuwait group and Dammam aquifers, and it was inferred to be at par with their quality. The TDS of treated greywater has been reduced from 4910 to 1508 mg/L, which is also lower than the TDS in groundwater of both the aquifers, and pH was reduced from 10.29 to 7.94. The present study proved its efficiency equally to other existing methods, and the efficiency of removal for some of the analyzed parameters was measured as 23%, 95%, 52%, 88%, 100% and 100% for pH, color, TDS, turbidity, total coliform and E. coli, respectively. Hence, the study is simple and cost-effective approach that can be adopted for the treatment and reused greywater for domestic and agriculture and also for recharging the aquifers to prevent saltwater intrusion along the coastal aquifers.
Introduction
Greywater is the wastewater usually generated from the kitchen sink, shower, laundry or washing machine, AC outlet, etc., which is sent through as a waste. This can be reused subsequently by a simple and cost-effective treatment technique. Kuwait is one among the top countries generating greywater followed by Uganda and Oman, but the utilization of treated greywater is not so effective.
The data in Table 1 signify that the generation of greywater in different countries ranges from 39 to 85%. The data bring out the fact that the consumption of domestic water varies from country to country and can be reduced up to 30% in Kuwait by using treated greywater. It has been observed that many countries focused on greywater treatment and reusing for several purposes like irrigation, firefighting, toilet flushing, etc. The above data infer that there is a great dependency on the quantum of greywater in near future, especially in Kenya, Syria, and Kuwait as the consumption of freshwater is not at par with the production of freshwater.
Kuwait being an arid region receives about 140 mm rainfall annually (Abusam 2008) . This country has very limited freshwater and brackish water resources. The brackish water resource is mainly from Kuwait group and Dammam aquifer stretching east of the Arabian Peninsula and sloping toward the Arabian Gulf. Kuwait group is composed of layers of sediments and clastic rocks, and Dammam formation 1 3 90 Page 2 of 12 contains layers predominantly of limestone saturated with water. In general, brackish water is used for irrigation, landscape, livestock watering and construction.
There is an increase in the consumption and production of freshwater every year (Fig. 1) . The total consumption of freshwater and brackish water per day is around 473.2 MIG. The supply and demand for freshwater in Kuwait are chiefly dependent exclusively on desalination techniques like reverse osmosis (RO), electrodialysis and distillation. The distilled water obtained from desalination units of various plants in Kuwait is blended in a specific ratio with brackish groundwater extracted from different wells like Sulaibiya, Shigaya, Al-Wafra, Um-Gudair and Al-Atraaf (Statistical Year Book 2016) leading to increase in the consumption of brackish groundwater. The process of desalination results in the emission of greenhouse gases, salt or brine disposal obtained either by distillation or by RO which may deplete the oxygen in the water and affect the marine life (Terry 2018) , thereby enriching the concentration of metals and other organic constituents. Though the freshwater produced by the above methods meets the demands, it results in consumption of brackish water, high energy and even leads to environmental pollution. Hence, for sustainable development it is essential to think about the alternative sources for fulfilling the water needs. The demand for alternative sources has also been stressed by considering the importance of greywater use in Kuwait (Abusam 2008; Al-Jarallah 2013; Alaziz and Al-Saqer 2014) . Few studies even supported the artificial recharge of aquifers using treated wastewater (Leas et al. 2013; Packialakshmi et al. 2015) . There are many reported methods for the greywater treatment studies (Table 5) , but the cost-effectiveness and the quantity of the treatment materials used for the proportion of treated greywater are more significant for considering the applicability of the method.
Therefore, to replenish the declined water resources for future sustainability a low-cost method with a unique household technique was attempted for greywater treatment which can subsequently reduce the groundwater extraction. Hence, the main objective of the present study is to develop an effective treatment of greywater using gravity-governed filtration technique and to determine its suitability for groundwater recharge by comparing the treated greywater quality with that of Kuwait group and Dammam aquifers. 
Materials and methodology

Materials
The treatment for the greywater was based on gravity-governed slow sand filtration and disinfection using bleaching powder. The filtration was done through a column packed with filtration media. The selection of materials used in the column was purely based on the earlier removal studies (Huisman and Wood 2005; MWRI-GOSS 2009; Bagundol et al. 2013) , such as sand and gravel remove microorganisms and suspended solids; sieve removes floating matter; and activated carbon removes organic pollutants, color and odor. The size and volume of the materials used in the column are presented in Table 2 .
Experimental design
The treatment of greywater is represented in a schematic diagram (Fig. 2 ).
Method
One liter of greywater from each source, kitchen sink, shower and the washing machine, was collected separately and blended. Three liters of the greywater was passed through the column of height 25 cm and radius 4.5 cm, containing the following layers from bottom to top, viz. cotton, activated carbon, fine and coarse sand, small and big gravel. Five hundred milliliters of greywater was allowed to flow through the column batch-wise, at the rate of 6.5 mL/min, and collected. Once the filtration process reached the saturation point, the column was regenerated by passing 500 mL of distilled water twice at the rate of 4.5 mL and 6.0 mL/ min without removing the materials and the filtration was continued. The column was replaced with the fresh materials when it was completely clogged. The filtered greywater was subjected to disinfection using bleaching powder 0.05 g/L. The small-scale treatment setup was arranged at each location Fahaheel, Salmiya and Farwaniya in Kuwait and the sampling process was carried out on a daily basis for a week continuously at all the three locations and the column was replaced three times in all these locations.
Results and discussion
Untreated and treated greywater characteristics
Untreated greywater
Greywater mainly consists of organic as well as inorganic pollutants. Few important parameters were measured before the treatment. pH plays a vital role to determine the acidic or basic nature of the water. The pH of untreated greywater of all the three locations had an average of 10.29. Electrical conductivity (EC) is one of the significant parameters that determine the total dissolved solids (TDS). The average EC and TDS of untreated greywater were 4910 µS/cm and 3140 mg/L, respectively. Turbidity, a part of suspended matter, helps to know the amount of suspended solids though both are not directly proportional. It was recorded as 199 NTU. In Salmiya, the untreated greywater had a higher pH, but the EC and TDS were lower than the Fahaheel and Farwaniya areas. The microbiological parameters, total coliform and E. coli, were more than 2419.6 MPN/100 mL. 
Treated greywater
The blackish brown color of the greywater turns nearly colorless after the treatment. The whole analysis results of treated greywater are presented in Table 3 . In the present study, the treated greywater pH varies in all the three areas but found to be higher in Salmiya. Its average value has been reduced significantly from 10.29 to 7.94. EC of the treated greywater ranged from 1298 to 3682 µS/cm, and the average was 2325 µS/cm, which is usually lower because the raw water used in the houses for domestic purposes is desalinated. Turbidity reduces because of the reduction of suspended and dissolved solids. Few research studies reported that the sand filtration using activated carbon is a superior method and reduces mainly pH, TDS, turbidity and COD when the wastewater is passed through it (Prasad et al. 2006; Khalaphallah 2012; Saad et al. 2016) . The same has been observed in the present study using the above technique. The nutrients ammonium, nitrate, potassium and phosphate were found to be slightly higher in Farwaniya. Sodium ion, one of the major ions, is lower in Salmiya compared to the other two areas. Since the household water itself is desalinated, the metals are present in traces. A further decrease in concentration of metals was noticed in the treated greywater due to a decrease in the rate of flow and presence of active sites on the surface of sand and activated carbon (Mohan and Chander 2001; Barkouch et al. 2018 ). The greater is the surface area on the filtering media, the larger is the adsorption of trace metals.
The microbiological parameters such as total coliform (TC) and Escherichia coli (E. coli) were analyzed using Colilert-18 media. The disinfection of the filtered greywater was carried out using bleaching powder in Fahaheel area, whereas trichloroisocyanuric acid was used in Salmiya and Farwaniya areas. It was noticed that total coliform and E. coli were present in Salmiya and Farwaniya areas. The sample analysis results of total coliform in Salmiya and Farwaniya were recorded as 196 and 56 MPN/100 mL and E. coli as 57.6 and 14.5, respectively. The same sample of those two areas was disinfected using bleaching powder and analyzed for total coliform and E. coli which were found to be less than 1.0 MPN/mL.
The sand filtration techniques are effective in reducing the microbes (Yogafanny et al. 2014 ), but the complete removal was observed only by disinfection with bleaching powder. Bleaching powder (calcium hypochlorite) when dissolved in water reacts to form hypochlorous acid. Since the pH of the filtered greywater is alkaline, hypochlorous acid dissociates into hypochlorite ion and undergoes the oxidation reaction, which kills the microorganisms (EPA 2011) and simultaneously reduces the pH of the treated greywater.
The characteristics of treated greywater differed from each area since the detergents, soaps and dishwashing liquid used are not the same. The average results from three selected areas Fahaheel, Salmiya and Farwaniya of the treated greywater are within the WHO guidelines (WHO 2006) .
For a few parameters, the treated greywater values are higher than the groundwater values, but still within the potable limits of Kuwait Environmental Protection Agency (KEPA 2017) except for phosphate and ammonium. Though the groundwater is used for various purposes, the basic utility of the water extracted from the aquifers is to serve the domestic needs but not for drinking purpose. Hence, this treated greywater is compared with groundwater.
Mechanism of the adsorption process in the sand filtration
The sand acts as a good filtration medium. The sand filtration is a combination of physical, chemical and biological process as it removes turbidity, organic matter and microorganisms (Verma et al. 2017; Lechevallier and Au 2004) . Coarse particles help to remove suspended solids, whereas fine particles remove ions by adsorption and ion exchange mechanism (Chidambaram et al. 2003) . Further, the removal process is more effective with the increase in surface area.
Pure carbon is hydrophobic in nature, but the oxygen associated with the carbon surface increases the hydrophilic nature of the activated carbon. The nature of adsorption of various compounds from water by activated carbon reveals the fact that granular activated carbon has different functional groups which have the capacity to adsorb negative ions, positive ions and trace metals (Ghoneim et al. 2014) . The mechanism of adsorption of compounds present in the greywater is inferred to be removed by surface interactions between the compounds in water and activated carbon through van der Waal forces of attraction, among which induced dipole-dipole interactions is observed to be more effective (Nowicki and Nowicki 2016) . Activated carbons are hydrophobic and contain small amounts of neutral C-O surface groups. The chemisorbed oxygen C-O in activated carbon is present as CO 2 and CO. CO 2 is acidic and makes the surface hydrophilic and polar, which enhances the adsorption of polar chemical or ionic species, whereas CO is neutral and makes the surface hydrophobic and nonpolar. Hydrophilic compounds interact with water by polar-polar interactions, which cause adsorption of the ionized micropollutants on the surface of the activated carbon due to electrostatic interactions and sorbent-sorbent interactions. Further, it is also inferred by researchers that the optimal dosage of activated carbon increases the efficiency of treatment (Nam et al. 2014 ).
There exists an electrostatic attractive or repulsive interaction between the metal cations present in the greywater and the carbon-oxygen surface groups on the active carbon surface. The positive electro-charge of activated carbon attracts negatively charged organic anions on the surface, which is observed by a decrease in the pH of treated greywater. At high pH, adsorption rate has increased which might be due to competition between H + ions and M + ions (Fernando et al. 2009 ). Adsorption of organic compounds is chiefly due to dispersive interactions, electron donor-acceptor interactions and electrostatic attractive or repulsive interactions between the charged carbon surface and the ions in the water (Bansal and Goyal 2005) .
The micropores in the activated carbon also play a vital role in the adsorption to take place. The higher the degree of microporosity, the greater is the adsorption capacity on the surface. The relatively large adsorption capacities of activated carbons are attributed to their external surface areas, their large pore volumes and a high degree of surface reactivity (Gonzalez-Serrano et al. 2004) . It is also noted that activated carbon has removed the color of the greywater which is identified by the colorless nature of the treated greywater. It is also to be noted that if the time of contact between the flow of water and the materials present in the column increases, the efficiency in removal also increases (Silva 2000) .
Comparison of treated water quality and treatment techniques with the literature
The characteristics of greywater and its treatment of the present study are compared with the previous studies in Table 4 . The treated greywater quality in terms of pH, COD, nutrients, metals and microbial was relatively equivalent to other reported methods. There are several methods available for the treatment of greywater, but only a few methods were based on sand filtration and chlorinate ion. The present method adopted was similar to Gual et al. (2008) , but it was modified by using a small amount of activated carbon. Further, there is effective removal of color, dissolved solids, ions, metals, microbes and turbidity in the treated water. In addition, this method is also advantageous by considering that the volume of the material used for treatment is lesser compared to the volume of treated greywater.
The volume of the materials used for the total treatment of 21 L of greywater was 3.5 × 10 −3 m 3 , with a specific volume of each material mentioned in Table 2 . Further, the regeneration of the materials in the column was also proved to be effective, which states that there was a further increase in the volume of treated water for the given volume of material. The amount of material used for the treatment of 1 l of greywater was estimated as 0.166 × 10 −3 m 3 of which the activated carbon forms 7% of the material involved, i.e., about 11.62 × 10 −6 m 3 for 1 l. Considering the cost of activated carbon and the other materials used, 1 l of treated water costs about 0.0011 KWD. This signifies the costeffectiveness of the present treatment method and also the fact that the treated water characteristics were below the guidelines.
The efficiency of removal in the present study was calculated by using the formula (Untreated greywater-Treated greywater ÷ Untreated greywater × 100) and is presented in Table 5 . It was observed that the efficiency was equivalent to other reported methods with the low capital and maintenance cost. From the data in Table 5 , it is inferred that other methods involve high capital and maintenance cost compared to the present study.
The effectiveness of the column
Treatment effectiveness of the column was verified by collecting the greywater sample from the washing machine due to its high conductivity. At first, 500 mL of greywater collected from washing machine alone was passed through the column and the first drop was noticed at 3.32 min. Subsequently, it was sampled for every 100 mL and EC was measured. The rate of flow during the first batch was 6.5 mL/min, and later the rate of flow reduced to 3.0 mL/ min. The variation in the rate of flow in the gravity-governed system may be due to various reasons: (1) head pressure, (2) permeability of the medium (grain size), and (3) heterogeneity of the medium. During this process, as the initial head pressure decreases, the rate of flow through the medium also decreases, resulting in more contact time with the medium, thereby enhancing the removal efficiency. Initially, the surface sites are free to get adsorbed and inferred that the rate of removal was higher during the initiation of the experiment. From Fig. 3 , it was observed that the column was effective for 1100 mL of greywater which is around 34% efficient in removal. The regeneration of the column was attempted by cleaning with distilled water and the effectiveness of the regenerated column had an efficiency of 26% for 600 mL (Fig. 4) .
Comparison of treated greywater with the groundwater of aquifers
The comparison was made between the parameters observed in the groundwater for the respective aquifers of the study area and treated greywater. The available groundwater in Kuwait is more or less equivalent to brackish water. The average of the reported values of Dammam and Kuwait group aquifers was considered for comparison of the quality. From Table 6 
Conclusion
The study has led to the development of domestic greywater treatment system by adopting the gravity filtration technique. The current study was attempted for the greywater with an EC of 4910 µS/cm. The present study has inferred that a volume of 1100 mL of treated greywater is produced from 1167 cm 3 of filtration medium. The study also reveals that the efficiency of removal varies with flow rate and proves to be effective even after regeneration.
The treated greywater has total dissolved solids of 1508 mg/L, which is lower than both the aquifers. pH of the treated greywater was reduced to 7.94; however, the pH was higher than the groundwater of the aquifers, but falls within the WHO safety limits. The greywater treatment was inferred to be effective by this study, and it reports that certain metals were higher than the drinking water limits. Though the metals are above the potable limits, they are still below the limits prescribed for irrigation and domestic purposes. The study proved its efficiency equally to other existing methods, and the efficiency of reduction after treatment for some of the analyzed parameters was observed to be 23%, 95%, 52%, 88%, 100% 100% for pH, color, TDS, turbidity, total coliform, and E. coli, respectively. The greywater thus produced is recommended for artificial recharge of groundwater as the ionic concentrations are comparatively lesser than the groundwater of both the aquifers. Further recharge or infiltration of the treated greywater into the aquifers will also have reduction of ion by a specific property like adsorption for the removal of these elements Total coliform MPN/100 mL < 1.0 < 1.0 < 1.0 16.
Fecal coliform MPN/100 mL < 1.0 < 1.0 < 1.0 17.
Escherichia coli MPN/100 mL < 1.0 < 1.0 < 1.0 through ion exchange, selective adsorption, biosorption, etc., from the greywater. Though the method was successful in the laboratory, more extensive study in this line is being carried out by varying the size of the particles, the size of the column, the volume of the materials, the rate of flow, and change in the design of the column, but still this technique is unique for the greywater treatment in Kuwait. Also studies on greywater with higher EC ranges and varying organic compounds could throw more light upon the effectiveness of the study. This study motivates a new outlook toward the large-scale benefit, i.e., the rate of water scarcity could be reduced, and sustains the water for future generations, since the available freshwater in Kuwait is very limited and considered as a strategic reserve. The treatment unit is user-friendly and can be installed in every house, and the treated greywater is suitable for car washing, irrigation, watering lawns, and, recharge of aquifers (Fig. 6) . Finally, the study illustrates that the gravity-governed filtration is eco-friendly, economically viable and as effective as other existing expensive methods.
